All babies admitted to the neonatal unit during a period of 41 months were prospectively studied to find out the incidence, aetiology, and outcome of neonatal pneumonia, and the value of routine cultures of endotracheal tubes. Pneumonia of early onset (before age 48 hours) occurred in 35 babies (incidence 1*79/1000 live births). In 20 (57%) 
caused by group B streptococci. Blood cultures showed the presence of organisms in 16 of the 35 (46%).
There were 41 episodes of pneumonia of late onset in 39 babies. Thirty six of the 39 were preterm, and 34 were artificially ventilated (10% of all ventilated babies). Endotracheal tube colonisation had occurred in 94% of these, most commonly by Gram negative organisms and Staphylococcus epidermidis. In only one of seven cases with simultaneous bacteraemia was the same organism grown from cultures of the blood. After controlling for gestational age and duration of artificial ventilation there was no difference in the incidence or timing of endotracheal tube colonisation between babies who did and did not have pneumonia of late onset.
Ten babies with pneumonia of early onset (29%) died; all were preterm infants. Only one death (2%) was associated with an episode of pneumonia of late onset. Routine surveillance cultures were not helpful in predicting and managing pneumonia of late onset.
There are serious problems in defining neonatal pneumonia and in determining its causes. This has led to a paucity of data, particularly about those infants who survive. Disease of early onset is most commonly caused by ascending infection from the maternal genital tract across the membranes,2 and the baby is often septicaemic at birth.3 Pneumonia of late onset is usually caused by nosocomial infection, but occasionally by 'auto infection' from maternal organisms that colonised the infant at birth. Many of the reports about the bacteriology of neonatal pneumonia concern cultures taken at necropsy. 7 The results of these studies have shown that though most babies with pneumonia do have bacteria in their lungs at the time of death, so do many babies who die without contracting pneumonia.' 6 7 Routine surveillance screening by culture of aspirates from endotracheal tubes and swabs of the skin is commonplace among babies on neonatal units. Cases of pneumonia were divided into those of early or of late onset. Pneumonia of early onset was defined as the onset of symptoms during the first 48 hours after birth. Pneumonia of late onset was defined as the onset of illness more than 48 hours after birth.
Routine surveillance consisted of taking bacterial cultures of endotracheal tube aspirates from artificially ventilated babies three times a week. In infants in whom pneumonia was suspected, which included any newborn baby with respiratory distress, specimens were obtained by cotton wool swabs from nose, throat, eye, ear, rectum, and umbilicus; specimens of urine, blood, and cerebrospinal fluid were also collected. Collection of cerebrospinal fluid was sometimes delayed for one or more days in infants who were critically ill.
Specimens were inoculated on to blood agar plates aerobically and anaerobically, McConkey plates, chocolate agar plates in 5% carbon dioxide, and into cooked meat broth. Organisms were identified according to standard laboratory techniques.'9 Sensitivities to antibiotics were determined by the method of Stokes and Ridgway.20 Blood cultures were regarded as 'positive' if there was a growth of a likely pathogen within 72 hours in at least one of two bottles. Cultures of Staphylococcus epidermidis from blood were, however, only considered important if growth occurred rapidly (within 48 hours) in both bottles, and if the organisms showed identical antibiotic sensitivities. Probable contaminants (for example, a-haemolytic streptococci and diphtheroids) were not regarded as pathogenic.
Patterns of endotracheal tube colonisation were studied by comparing babies who had pneumonia with controls who did not, and who were matched closely for gestational age and duration of artificial ventilation. Controls were chosen by selecting the next admission to the unit who was matched to within one week for gestational age and to within two days for duration of artificial ventilation (or to within seven days for babies who were artificially ventilated for more than 28 days). The significance of differences between colonisation rates was assessed by the x2 test, and those in mean time to colonisation by the paired t test.
Results

PNEUMONIA OF EARLY ONSET
During the study period of 41 months there were 19596 liveborn deliveries in this hospital, which is a tertiary care referral centre catering for high risk pregnancies; 1960 of these deliveries (10%) were to mothers referred from outside the area. There were 35 cases of pneumonia of early onset in these babies, giving an incidence of 1-79/1000 live births. Sixteen cases (46%) of pneumonia of early onset were 'definite': that is, clinical and radiological features of pneumonia were associated with positive blood cultures. There were also 19 cases of probable pneumonia. Of the 16 definite cases, 11 (69%) were caused by group B streptococci, although Streptococcus pneumoniae infection occurred in three and untypable tables 2 and 3) . Thirty six of these babies (92%) were preterm. Four had already had episodes of pneumonia of early onset. Thirty four (87%) were being artificially ventilated at the time they developed pneumonia. The indication for artificial ventilation was hyaline membrane disease in all except one baby, who had been born at term and had meconium aspiration syndrome. The mean gestational age of these babies was 28 weeks and the mean time to onset of pneumonia was 35 days. Two thirds had been artificially ventilated for more than 21 days. Pneumonia of late onset developed in 36 of 358 (10%) babies who were artificially ventilated for more than 24 hours. Only one baby died of pneumonia in this group-a baby with cystic fibrosis who has previously been described.2' Several babies died later, however, of extreme prematurity.
Seven episodes (17%) of pneumonia of late onset were definite, with positive blood cultures (table 2) . In all cases the organisms grew rapidly within 48 hours in both bottles. Two of the babies (one of whom died) each grew two organisms from blood cultures, and these were not thought to be contaminants. In one instance was the same organism grown from the blood cultures and from the endotracheal or naso- All cases of pneumonia of late onset were initially treated with flucloxacillin and either netilmicin or gentamicin given intravenously. An increase in ventilatory support was usually necessary. In seven of 41 episodes (17%) one or more of the organisms from the endotracheal tube was resistant to the particular antibiotics being used. Most babies recovered rapidly and it was rarely necessary to change the antibiotics.
Discussion
The diagnosis of neonatal pneumonia is difficult and though there is much information from necropsy reports there is little from clinical and laboratory studies of surviving babies. One area of difficulty is the close similarity between hyaline membrane disease and neonatal pneumonia, with or without hyaline membrane disease. Our case definition of pneumonia is fairly rigorous, and the incidence of neonatal pneumonia has probably been underestimated. We have not been able to show clearly the aetiological agent in those babies who we thought had pneumonia but who had negative blood cultures. In pneumonia of early onset when babies are heavily colonised with pathogenic bacteria such as group B streptococci, it seems likely that in most cases this is the relevant pathogen. In nine early cases and four late cases, however, no organism was cultured either from blood or surface cultures. In this study we have not specifically investigated the role of other pathogens, which are now attracting increasing interest from various investigators. These organisms include Ureaplasma urealyticum, Mycoplasma sp, Chlamydia trachomatis, Pneumocystis carinii, and viruses. 22-2 It is possible that some of these organisms were responsible for infection in cases of pneumonia in which the blood culture was negative.
In early disease, the group B streptococcus remains the most important pathogen in our unit. As there is much local variation in the range of organisms causing sepsis it is important that each neonatal unit monitors its own predominant organisms. An increase in the proportion, for example, of H influenzae infections may suggest the initial antibiotic policy should be reviewed.
Although the overall mortality for pneumonia of early onset remains high, it is encouraging to note that in the study period no deaths occurred in babies born at term who had pneumonia of early onset. This must partly reflect the increased awareness of sepsis by midwifery and junior medical staff in our maternity and neonatal units. 
